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Introduction
Approximately four square miles of pre-Pennsylvanian rocks crop out on Sachuest
Point and at Newport Neck on Aquidneck Island and on the southern half of the
eastern part of Conanicut Island in Rhode Island.
These rocks have received
only sporadic attention since the late 1800's and early 1900's.
They are an
important group of rocks in that they represent a period of time that is not
well understood in the geologic history of southern New England.
The presence
of carbonate rocks in the section separates them from the Pennsylvanian and has
caused earlier workers to suggest correlations with the Cambrian rocks in the
Boston Basin (Crosby, 1897; Foerste, in Shaler, Woodsworth and Foerste, 1899),
or with the Precambrian (?) Blackstone Series in Rhode Island.
The porphyritic
granite that intrudes the pre-Pennsylvanian volcanic rocks does not resemble
granites on the western side of Narragansett Bay (Quinn, 1971).
Age dating on
zircons from the granite, presently in progress, should aid in correlation.
The purpose of this trip is to examine the relationship of the Pennsylvanian
and pre-Pennsylvanian rocks, to look at the range of lithologies present in
the pre-Pennsylvanian rocks, and to look at the deformation of the prePennsylvanian rocks.
Relationships of Pre-Pennsylvanian and Pennsylvanian Rocks
The relationship between the pre-Pennsylvanian and Pennsylvanian rocks is
clearly exhibited on the west side of Conanicut Island (STOP 1) where the prePennsylvanian granite lies unconformably beneath arkoses in the Pennsylvanian
Pondville member of the Rhode Island Formation.
These arkoses were apparently
derived from weathering of the granite during Pennsylvanian times (Pirsson, 1897).
Pre-Pennsylvanian Rock Units
a.
Introduction:
Rock Types and Metamorphism.— The pre-Pennsylvanian
rocks have traditionally been mapped as three units:
a porphyritic granite, a
volcanic unit consisting of volcanic flows and volcaniclastic sediments with
some nonvolcaniclastic sediments, and a sedimentary unit consisting of
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nonvolcaniclastic sediments.
The granite is intrusive into the volcanic units
on Cliffwalk (STOP 2) and aplite and pegmatite dikes cut the volcanic rocks in
other areas.
The sediment
and volcanic units are separated by an unexposed
fault which runs from Prices Neck to Brenton Cove.
Neither the relationship
between the units or the nature of the fault is apparent.
The distribution
of the rocks on Newport Neck and the location of Stops 2-7 are shown on the
map in Figure 1.
The rocks on Conanicut Island consist of granites in contact
with the volcanic unit.
The rocks at Sachuest Point are in the volcanic unit
(STOP 8).
The pre-Pennsylvanian rocks in the area have undergone a regional metamorphism
in the lower greenschist facies (chlorite zone) during late Pennsylvanian or
early Permian times (Quinn, 1971).
Preliminary petrographic examination of
metamorphic assemblages in these rocks seems to support this contention.
The
preservation of primary sedimentary volcanic features such as accretionary
lapilli suggest that these rocks have never been at very high metamorphic grade.
b.
Porphyritic Granite.— The major phase of the granite is well exposed
along Cliffwalk (STOP 2).
It is a porphyry containing large pink phenocrysts
of microcline which may be several inches across.
Other major phases include
quartz, albite or oligoclase, biotite and locally hornblende.
The mafic phases
are generally altered to chlorite.
An analysis of this rock is given in Table
1.
In other areas, for example along the west side of Lily Pond on Newport
Neck and at the road cut just west of Bailey Beach, the microcline phenocrysts
are much smaller and the mafic minerals are minor modally.
Often the albite in

TABLE 1.

Si°2
Ti02
A l 2°3
Fe2°3*
FeO
MnO
MgO
CaO
N a 20
k

2o

L.O.I.
TOTAL

Analyses of the Newport Granite
A-l

B-2

D-4

75.60

74.34

71.23

.06

.17

.21

13.32

13.67

13.64

.80

1.13

1.70

—

----------

—

.08
.03
.36
4.73

.10
.11
.68
3.88

.05
.75
2.31
3.55

4.08

4.87

3.79

.65

.82

1.72

99.71

99.77

99.95

(h 2o )

A-l - Aplitic phase of the granite from roadcut on Ocean Drive at Hazard Beach
B-2 - Medium grained phase of the granite from roacut on Ocean Drive west of
Bailey Beach
A-l and B-2 are XRF analyses using USGS G-l and GSP-1 as standards
D-4 - Porphyry granite from Conanicut Island wet chemical analyses (Pirsson,
1893)
* Total Fe as F e 20„
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Figure 1.

Geologic Map of Newport Neck, Rhode Island, showing
STOPS 2-7.

Partly taken from map by George E. Moore,
by A. W. Quinn, in Mutch (1963a).

J r . , and Samuel J. Pollack, compiled

Base from Newport 7.5 minute topographic sheet.
The contour interval is ten
feet.
Datum is mean sea level.
Approximate mean declination is 14-1/2°.
1957.
Explanation
Pennsylvanian

Pri - Rhode Island Formation

Pre-Pennsylvanian:

pg - porphyritic granite
sv - volcanic unit
s - sediment unit
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these rocks is green in color.
A chemical analysis of this granite is given
in column 2 of Table 1.
The granite is cut by quartz, pegmatite, and abundant
aplite dikes.
An aplitic phase of the granite forms a large portion of the
hill west of Lily Pond and a septum of volcanic rocks separates the aplite from
the main granite.
The aplite crops out in a road cut on the north side of
Ocean Drive at Hazard Beach.
An analysis of this aplite is given in column 1
of Table 1.
The analyses of the Newport granite indicate that it is a true
granite (minimum melt composition).
Inclusions are uncommon, although rounded
xenoliths five to six inches across, which resemble the volcanic unit in hand
specimen, have occasionally been found.
Shear zones resulting from the deform
ation are frequently observed in outcrop.
In thin section, the quartz and the
feldspars are badly deformed and shear zones can be seen on the scale of the
thin section.
c.
The Volcanic U n i t .— The volcanic unit consists of volcanic conglomer
ate, sandstones and siltstones of probable volcanic origin, lapilli tuffs, and
occasional flows.
Most of the rocks are dense, grey-green, fine-grained flinty
rocks which appear featureless in the field.
In thin section, many are fine
grained aggregates of quartz, feldspar, chlorite, sericite, and magnetite and
probably are tuffaceous siltstones of acidic volcanic origin.
Others are sand
stones composed of subangular to subrounded quartz grains, twinned feldspars,
with various amounts of finer-grained matrix similar in composition to the
siltstones.
Microcline grains have been found in a few of the sandstones.
These sandstones are also probably tuffaceous and largely derived from acidic
volcanic debris.
The volcanic conglomerates are distinctive in the field and
are composed of pebbles of volcanic rocks of various compositions, as well as
some volcaniclastic sediments, quartzite, and chert pebbles. Quinn (1971) re
ports that some pebbles of granite have been found in the conglomerates.
Dis
tinctive red jasper pebbles have been found in the conglomerates around Brenton
Cove.
Accretionary lapilli tuffs have been found at the locality at STOP 6,
and probable accretionary lapilli have been found in several other localities.
The presence of accretionary lapilli suggests that a volcanic vent was several
miles away (Moore & Peck, 1962).
The only rocks so far examined which seem to
actually represent flows (e.g. some of the rock intruded by granite at Cliffwalk) were probably basaltic andesite to andesite in composition based on
euhedral pyroxene outlines of phenocryst and the presence of some quartz.
Be
cause of the metamorphism, these rocks are now principally composed of albitechlorite-actinolite-iron oxide and minor quartz.
d.
The Sedimentary U n i t .— The sediments which are exposed in the western
end of Newport Neck and on Goat Island consist primarily of sandstones, slates
and siltstones, with minor carbonates, conglomerates, and fairly clean quartz
arenites.
An andesite dike cutting the sediments can be seen in at least one
locality (STOP 4).
Rocks of basic igneous origin can be seen interlayered
with the sediments.
The sandstones are greenish grey, grading to light grey and reddish grey in
color.
In many places they exhibit graded bed relations with the slates and
tops of beds are clearly indicated.
The sandstones are interlayered with
slates and siltstones in some localities.
Petrographically, the sandstones
are graywacke in type.
They contain fragments of slate, quartzite, chert,
volcanic rocks, and grains of twinned feldspars, quartz, clinozoisite and some
altered mafic minerals.
Gneissic fragments and metamorphic minerals such as
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garnet have not been found.
All of the feldspar is albite and the matrix is
chlorite, sericite, quartz, with some iron oxide and epidote.
The purplish slates and light grey siltstones are interbedded with the sand
stone.
A thick sequence of purplish slates interbedded with some green slates
can be seen in the southern part of the western side of Newport Neck along
Ocean Drive.
The slates consist largely of sericite, chlorite, fine-grained
quartz, and opaques.
Carbonaceous greenish-grey slates in one horizon about
25 feet thick on the west side of Castle Hill (STOP 4) contain large elliptical
concretions of carbonate and quartz.
The siltstones are comprised primarily of
very minute grains of quartz with some sericite and feldspar.
They are of
ambiguous origin since they have been metamorphosed, but may have originally
been cherts or ash layers.
Minor conglomerates occur in the sediment section.
A conglomerate associated
with carbonate-containing shales near Graves Point (STOP 3) contains rounded
pebbles of limestone.
Conglomerates associated with sandstones, shales, car
bonates and quartzites at Fort Adams (STOP 5) contain pebbles of both sedi
mentary and volcanic origin.
Good carbonate rocks can be found at Ida Lewis Rocks and in five localities
around Brenton Cove.
The carbonates at Ida Lewis Rocks (STOP 7) are massive,
light grey to blue grey dolomites with minor pinkish dolomites.
Pinkish to
grey dolomite around Brenton Cove is interbedded with purple and green slates,
sandstones, and quartzites.
Talc and serpentine are associated with the car
bonates in some localities.
Thin carbonate layers have been reported on the
west side of Castle Hill by Dale (1884).
Fossils have not been found in car
bonate rocks anywhere in the pre-Pennsylvanian.
Red jasper pebbles similar to those found in the volcanic conglomerates have
been found in sandstones at a number of localities on the north end of Newport
Neck, particularly around Brenton Cove.
e.
Discussion of the Relationship Between the Volcanic and Sedimentary
U n i t .— The relationship of the volcanic unit and the sedimentary unit is not
obvious in any of the localities examined in this study or in any of the local
ities studied by earlier workers (Dale, 1884; Shaler, Woodworth and Foerste,
1899; and Quinn, 1971).
Quinn (1971) states that the general lithologic and
structural characters suggest that the slates and quartzites of the sedimentary
unit grade upwards into the volcanic unit.
The presence of red jaspers in the
sandstones, slate and carbonate sequence, as well as in the volcanic conglom
erate around Brenton Cove, support Quinn's statement suggesting that these
units were deposited continuously, and that there is no major break in time be
tween the volcanic and sedimentary units at this locality.
The presence of
volcanic fragments in the conglomerates in the sedimentary sequence at Brenton
Cove and the presence of quartzite in the volcanic conglomerate suggest a mixed
volcanic and sedimentary source area for both units.
Fragments of volcanic
rocks in the graywacke sequence suggest that the sedimentary unit exposed along
Ocean Drive was at least partially derived from a volcanic terrain.
The pres
ence of andesite dikes in the sedimentary unit suggest that volcanic activity
was occurring in the area during or after the deposition of part of the sedi
mentary unit.
It seems possible that the sedimentary and volcanic units repre
sent two environments that were roughly contemporaneous, the two now being
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displaced along faults and not necessarily spatially arranged as when they
were deposited.
Minor faults and movement on joints are very evident in
coastal outcrops and probably more faults exist than have been mapped.
Con
struction of a detailed time-stratigraphic sequence and Paleogeographic map
of these rocks is difficult because of displacements along faults, complex
deformation, and rapid facies changes in the units themselves.
Structure
Pennsylvanian rocks in the Narrangansett Basin have strongly developed north
to northeast trending structures associated with a late Pennsylvanian-early
Permian deformation.
Stereographic projections of poles to bedding, poles to
cleavage, and lineations for the Pennsylvanian rocks in the Narrangansett Basin
from Quinn's (1971) map are shown in Figures 2A, 2C and 2E, respectively.
Pennsylvanian structures shown in Quinn's map in the southern Narragansett
Basin show a particularly pronounced north-south orientation.
North-south
trending structural features are also developed in the pre-Pennsylvanian sedi
ments along Ocean Drive (see Figure 1).
Stereographic projections for poles
to bedding, poles to cleavage and lineations are shown in Figures 2B, 2D and
2F.
Two cleavages are recognized, but are difficult to correlate from outcrop
to outcrop, in both the Pennsylvanian and pre-Pennsylvanian rocks.
Therefore,
in the stereographic projections, the two cleavages are not differentiated.
The stereographic projections for the pre-Pennsylvanian rocks, as well as the
structural measurements on the map in Figure 1, indicate that an east-west,
as well as a north-south, structural trend is present in the pre-Pennsylvanian
rocks.
This east-west trend is best illustrated by the east-west strike of
bedding in the volcanic unit and by east-west cleavage-bedding intersections
in the sediments on Ocean Drive.
The presence of these east-west structures
in the pre-Pennsylvanian rocks may indicate a pre-Pennsylvanian deformation.
However, east-west structures may be present in the Pennsylvanian rocks and not
be known to the authors, or they may not have been recognized because they are
subordinate to the north-south structures.
Until more data on the Pennsylvanian
become available, the suggestion of a pre-Pennsylvanian deformation is specula
tive.
An angular unconformity between the Pennsylvanian and the pre-Pennsyl
vanian rocks at Sachuest Point may support a pre-Pennsylvanian structural event.
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Figure 2.

Comparison of structural measurements in Pennsylvanian
Rhode Island Formation versus pre-Pennsylvanian rocks
in the Narragansett Basin.

A.

Poles to bedding of Pennsylvanian rocks

(Quinn, 1971).

B.

Poles to bedding of pre-Pennsylvanian rocks.
Circles are the sedimentary
unit, triangles are the volcanic unit (some of these measurements may be
cleavages).
Note the N-S girdle indicating east-west striking beds in the
volcanic unit that is not present in A.

C.

Poles to cleavage of Pennsylvanian rocks

D.

Poles to cleavages of pre-Pennsylvanian rocks.

E.

Pennsylvanian lineations— nature of these lineations not reported
(Quinn, 1971).

F.

pre-Pennsylvanian lineations.
Circles are intersection of two cleavages,
X's are intersections of cleavage and bedding, triangles are fracture and
mineral lineations, diamonds are fold axis (approximate).
Note the E-W
cleavage-bedding intersections not present in E.

(Quinn, 1971).

Measurements on pre-Pennsylvanian rocks are mainly by the author.
A few
measurements, particularly bedding dips in the volcanics, are from the map
compiled by Quinn, in Mutch (1963).
Measurements were plotted on an equal
angle stereonet.
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Road Log
Map Coverage
Topographic Maps
Narragansett Pier, 7.5 minute, STOP 1.
Newport, 7.5 minute, STOPS 2-7.
Sakonnet Point, 7.5 minute, STOP 8.
Geologic Maps
Bedrock Geologic Map of Rhode Island, in Quinn (1971).
Sketch Geologic Maps in Figures B-l, B-4, B-10, in Trip B, and in
Figure E-2, Trip E, by T. A. Mutch, NEIGC 1963 Guidebook.

Itinerary
About 13 mi. S. of Providence on 1-95 exit left (exit 9) on R. I. R.
Proceed on R. I. 4. through traffic circle at about 6 mi. to the R. I. 138
east exit at 10.3 mi.
Exit onto R. I. 138 and cross Jamestown Bridge at
13.3 mi.
Road log starts at E. end of bridge.
Mileage

0.0

E. end of Jamestown Bridge.

0. 7

Turn right

2.7

Cumberland Farms store on right.
necessary.

2.8

Stop sign.

3.3

Road bears right.

3.4

Turn right

3.8

Bridge.

(S.) onto North Main Road.
Purchase lunch materials if

Continue straight ahead on Southwest Ave.
Turn left

(E.) onto Hamilton Ave.

(S.) onto Highland Dr.

Park after bridge for Stop 1.
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STOP 1.
Outcrops are along the shore.
Obtain permission before
crossing private property to reach the shore.
Low-lying stretch
is mapped as a fault within the Pennsylvanian; grey outcrops to
the north are schists of the Rhode Island Fm.
Walk south toward
the low cliffs.
Notice boulders and then low outcrops of distinc
tive granule conglomerate composed of dark grey quartz grains in
a whitish clay-rich matrix.
As you continue south this conglo
merate grades into arkosic conglomerate, weathered granite, and
finally sound granite similar to that exposed at Cliff Walk on
Aquidneck Island (Stop 2).
The granule conglomerate and the
arkosic conglomerate are similar to those found near the base of
the Pennsylvanian in other parts of the Narragansett Basin; they
are called the Pondville Conglomerate from a type locality at
Pondville Station, Massachusetts.
These relations and those
exposed at Sachuest Point on Aquidneck Island (Stop 8) establish
the pre-Pennsylvanian age of the rocks of the Newport area.
Retrace route to stop sign at mileage 2.8.
5.0

Turn right

(E.) onto Narragansett Ave.

5.4

Stop sign; ferry landing.
Turn left (N.) onto Canonicus Ave.
Rexall Drug store on corner sells Newport Bridge tokens for
1.10 (toll is $2.00 without token).

5.8

Bear left on

R. I. 138.

6.2

Bear left on

R. I. 138

9.4

Take Downtown (Scenic) Newport exit.
Turn right (S.) at stop
sign onto Farwell Ave. which becomes Thames St. as you con
tinue S.

east for Newport

via tollbridge.

10.7

Mainstream traffic bears left onto Bellevue Ave.
Stay in right
lane through a slight sinistral jog to continue on S. on Thames
St. (following signs to Ocean Drive).

11.1

Turn right

11.4

Little League field (Marine Field).
Consolidate cars here; we
will return to this point after Stop 7.
Return to Thames St.

11.6

Stop sign.

11.9

Gulf Station on left.
becomes Carrol Ave.

12.0

"Y" intersection with granite memorial with plague dedicated
to Joseph Martin.
Bear left on Carrol Ave.

12.2

Stop sign at Ruggles Ave.

(W.) onto Wellington Avenue.

Turn right

(Signs "to Ocean Drive".)

(S.) onto Thames St.
Bear slightly right; Thames St.

Continue straight ahead.
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12. 7

Stop sign.

Turn left

(E.) onto Ocean drive.

12.8

Crest of hill; intersection with Jeffrey R d . Outcrops of
porphyritic granite on both sides of road.
Granite A-l in
Table 1 is from outcrop on left.

13.2

T intersection with Coggeshall Ave.

13. 3

Road turns left and becomes Bellevue Ave.

13.4

Turn right

13.6

Leave cars; they will meet us at the end of the Cliff Walk
traverse of Stop 2.
Cliff Walk starts on left (E.) at end
of street.
Road log for the cars to the meeting place
follows.

13.9

Stop sign.

14.0

Bellevue Ave. turns left

14.8

Just north of Rosecliff, turn right (E.) onto unmarked
road (Marine Ave.) which leads to Cliff Walk.

15.0

End of Marine Ave.

Turn right

(S.).

(S.) onto Ledge Rd.

Turn right

(E.) onto Bellevue Ave.
(N.).

at Cliff Walk.

Stop 2.
Pennsylvanian and Pre-Pennsylvanian Rocks Along Cliffwalk
Park on the west side of the road near L a n d ’s End.
We will walk
north around the coast to Maine Avenue near Hatch School where the
cars will meet us.
The main phase of the porphyry granite containing abundant large
pink potassium feldspar phenocrysts is exposed along the coast
from L a n d ’s End to just north of Rough Point.
Dikes of aplite,
quartz, and pegmatite cutting the granite are quite common.
A
few inclusions that look like fragments of the volcanic unit can
be seen in the granite near the shore.
Shearing of the granite
is evident in many places.
Note the good glacial striations
and polish.
North of Rough Point, the granite abruptly terminates against
the green volcanic unit.
Except near
the low tide mark where
the granite is in direct contact with
the volcanic unit, an
aplite vein five to six inches thick runs along the contact.
Locally the aplite deviates to cut both the granite and the vol
canics.
Near the contact with the granite the volcanic unit has
a more granular structure than usual.
In thin section this rock
contains altered feldspars and amphiboles and could have originally
been a mafic to intermediate flow that was metamorphosed by the
granite.
A flow structure can be seen in the volcanic unit near
the contact.
Dikes, sills, and blebs of granite material pri
marily aplite cut the volcanic unit along the coast both near
and away from the contact.
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The rocks from just north of Rough Point to Sheep Point are typical
of rocks in the volcanic unit and are primarily sandstones and
siltstones.
Occasional conglomeratic layers are also found.
An E-W trending fault passes through the covered stretch between Sheep
Point and the dark grey outcrops on which the pagoda is built.
This fault
separates the pre-Pennsylvanian volcanics from the Pennsylvanian Rhode Island
Formation.
Just north of where the Cliff Walk leaves the sea cliff to pass behind
the brick buildings, climb down over the sea wall to examine sandstone, silt
stone, shale, and coal of the Pennsylvanian Rhode Island Formation.
A pro
minent cleavage striking N25°E and dipping 55°W nearly obscures folded and
faulted bedding.
Coal beds seem to localize the faulting.
Bedding, cleavage,
and faults are all sub-parallel.
In spite of the strong deformation, fossil
leaf impressions have been found at this outcrop.
Leave the Cliff Walk and return to the cars at the large N60°W striking
quartz vein with brecciated Rhode Island Formation.
Return to Bellevue Ave.
15.2

Turn left

(S.) onto Bellevue Ave.

16.0

Bellevue Ave.

16.2

Road turns right

16.3

Turn left

17.2

Aplite B-l in Table 1 comes from the outcrop on N. side of road
across from Hazard’s Beach.
The contact with the volcanic unit
is just west of ths outcrop.
A large inclusion of the volcanic
unit can be seen along the west shore of Lily Pond.
Outcrops
along the road here on are in the volcanic u n i t .

18.1

Intersection of Brenton Rd.
Outcrop in the triangle between
the roads appear to be a basaltic andesite to andesite flow.

18.A

Cross fault contact between sediment unit and volcanic unit
(not exposed).

18.8

Intersection of Harrison Ave.

18.9

STOP 3.
Sediment unit in the Brenton point area and Lunch S t o p .
Park off Ocean Drive on the north side of the road.
We will make a
stop here to look at the conglomerates containing carbonate pebbles
and to look at some east-west trending structures which may be prePennsylvanian in a g e . The sedimentary aspects of this stop and
some of the structural features are similar to those at STOP A and
we will spend more time looking at them there.
The sedimentological
aspects of this stop were described by Mutch in the 1963 NEIGC Guide
book (Trip B, STOP 7).
Mutch includes a map for the area marked
mapped area in Figure 1.
This stop will include lunch on the coast.

turns right

(W.).

(N.) and becomes Coggeshall Ave.

(W.) onto Ocean Drive.

Continue W. on Ocean Drive.
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Walk down the ladder over the sea wall.
Just southwest of the lad
der, opposite the notation Louie and Linda 1974 in the sea wall, is
an outcrop of pre-Pennsylvanian conglomeratic rocks containing
abundant, well-rounded, carbonate pebbles.
The holes in the outcrop
are places where the pebbles have weathered out.
The shales sur
rounding the conglomerate also contain carbonate.
Euhedral cubes
of pyrite can be found in the green slates at this locality.
A
strong penetrative cleavage and bedding are easily observed.
Walk along the beach to the southwest towards Graves Point and Brenton
Ibint (the area marked as the mapped area on Fig. 1 at Stop 3).
The
pre-Pennsylvanian metamorphosed grey-weathering siltstone, slates,
and sandstones and the whitish-weathering siltstones exposed here
have bedding and a prominent cleavage striking east-west and dipping
to the north.
The northward dip of the bedding is established by
graded bedding that can be seen in many places.
A second cleavage
is visible in some places.
On the surface of the prominent cleavage,
three lineations can commonly be observed:
(a) a mineral elongation,
(b) a fracture lineation, and (c) the intersection of cleavage and
bedding.
The first two lineations are north-south in orientation
and can be explained by the Pennsylvanian deformation.
The third,
the cleavage-bedding intersection, is variable but is east-west in
some localities.
The east-west features are not easily explained
in terms of the north-south trend of the known Pennsylvanian deforma
tion and might indicate a pre-Pennsylvanian event.
Offset along
numerous small faults can be observed in this section.
Go towards the steps up the sea wall approximately opposite Atlantic
Avenue.
Two cleavages and a N-S lineation resulting from their
intersection can be observed in whitish siltstone at this locality.
Small folds can be seen by looking along the strike of the outcrop.
The prominent cleavage in the grey-green-weathering bed to the south
of the siltstone gently undulates along an east-west axis.
A small,
deformed mafic dike, which cuts the bedding, is also present at this
locality.
We will eat lunch on this outcrop.
There are restroom facilities
available at Brenton Ibint State Park about a third of a mile north
on Ocean Drive.
We will reconvene at the north end of the parking
lot at Brenton Point State Park.
In case of rain, there is shelter
at the park.
N. end of Brenton Point State Park parking lot.
Proceed N. on
Ocean Drive.
Note purplish slates of the sediment unit forming
small cliff on west side of road.
STOP
Park
park
This

4. .Sediment unit at Castle H i l l .
in the public parking area on Ocean Drive.
Overflow cars can
in the lot near the summer cottages on the road to Castle Hill.
is private parking and should not be used without permission.

Walk to the outcrop on the shore on Ocean Drive just south of the
turn to the Castle Hill Hotel (The Castle Hill Hotel was used by
Alexander Agassiz as a marine biology laboratory, one of the first
oceanographic stations).
Exposed at this locality is a typical sec
tion in the sediment unit.
Beds of graywackes and shales, showing
graded bedding, clearly indicate
that up is to the north.
A well
developed cleavage is visible cutting the bedding.
Veins filled
with quartz and chlorite are common.
Some kink bands are visible
in the outcrop.
At the south end of the outcrop is a green chlorite
dike which cuts the bedding.
In thin section this dike appears to
be andesitic based on relict feldspar structures and ghosts of
mafic phenocrysts.
Walk west along the shore past the summer cottages and round the
corner heading north along the shore of Castle Hill.
Observe out
crops of siltstone, shale, and sandstone as well as chlorite-albiteopaque rocks which were probably originally mafic igneous rocks.
Graded bedding indicates some overturned beds near the break
near Rams Head.
Isoclinal folds can be seen in two localities near
Rams Head.
These folds are cut by cleavages which are not axial
planar and are probably unrelated to the folds.
The main cleavage
is warped and a second cleavage is visible in some places.
Most of
the structural features seen here have north-south trends and are
probably late Pennsylvanian in age.
There is abundant evidence of
small displacements along faults and joints all along the shore.
Continue walking north past the lighthouse and down into the inward
indentation in the shoreline.
Carbonate concretions are present in
the green slate-siltstone beds at this locality.
The concretions
vary from 6" to 1' across and occur in a single horizon 20-25' thick.
Many are weathered out and only the elongate holes are preserved.
Where concretions are preserved, they are weathered brown on the sur
face.
This is the only place in the pre-Pennsylvanian that these
concretions have been found.
The shales and siltstones in this area
contain carbonates and are cut by carbonate veins.
Cleavage and bed
ding are easily observed all along the shore at this locality.
Walk
up the hill across the Castle Hill Hotel parking lot.
Follow the
road back to where the cars are parked.
Continue N. on Ocean Drive.

20.0

Sharp right turn.

20.1

Turn left following the main road onto Ridge Rd.

20.7

Sharp right turn.

20.9

Stop sign.

21.2

Turn left at sign for Fort Adams State Park.

Turn left onto Harrison Rd.
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STOP 5.
Sedimentary and volcanic units in the Brenton Cove area.
Park in the parking lot near the restrooms in Fort Adams State Park.
In summer there is a parking fee, but this will not apply in October.
Walk to the outcrop that parallels the road that you just drove in on.
This outcrop is composed of interbedded shales, sandstones, and con
glomerates with interspersed quartzite boudins and is mapped as part
of the sedimentary unit.
As in other places on Newport Neck, these
rocks are in the chlorite zone of regional metamorphism.
Included
in the conglomeratic and sandy layers are fragments of carbonates,
shales, quartzite, chert, and volcanic fragments, and abundant subhedral twinned feldspars and subrounded quartz grains.
All of the
clastic rocks are very rich in iron oxides.
The quartzite boudins
are composed of rounded to subrounded grains of clear quartz sand
with a small amount of micaceous intergranular material.
Small folds are visible in the outcrop at the northern end.
A good
transposition cleavage can be seen which appears to be axial planar
to these folds.
The cleavage is warped but generally dips gently to
the east.
A second cleavage is visible in some places.
Two cleav
ages and bedding are clearly shown at the south end of the outcrop
on the road.
The outcrop is cut by numerous quartz veins which have
been folded.
Slickensides are common on the face of the outcrop.
Quartz boudins are visible in several places along the outcrop.
One
giant boulder 15x40' can be seen by the fee collection station.
Walk back to the parking lot and walk down to the shore northeast of
the old artillery stable.
The outcrops are again primarily sandstone
and shale, with boudins of quartzite.
Also present at this locality
is a layer several feet thick of pink dolomite cut by veins of cal
cite and a yellow mineral which may be serpentine.
Dolomite pebbles
resembling the dolomite to be seen at the Ida Lewis Rocks at STOP 7
are reported to have been seen by Hitchcock at this locality in 1860
by Dale (1884).
Follow along the shore to the south going towards the
Cove.
At the fence there is a small flint outcrop of
shale containing red jasper pebbles.
Pebbles of this
found in the volcanic conglomerates on the east shore

head of Brenton
sandstone and
type are also
of Brenton Cove.

At low tide it is possible to walk around the end of the cove to the
outcrop forming the cliff on the east side.
The fault separating
the volcanic and sedimentary units comes through the head of the
cove in the open area.
The cliff on the east side is volcanic con
glomerate composed of pebbles of volcanic and volcaniclastic sediment
as well as some pebbles of quartzite and shales not necessarily re
lated to the volcanic rocks.
The conglomerates vary in grain size
and are interbedded with dense, grey-green, flinty rocks which are
probably volcanic siltstones.
Go back to the parking lot and walk north along the west side of
Brenton Cove past the pier to the part where the circle drive from
Brenton Village intersects the road.
At low tide, outcrops offshore
can be seen which contain pink and grey dolomite, quartzite-talc
schists, and shales.
Veins of quartz are very abundant in these
rocks.
Dale (1884) reports finding red jasper pebbles in these
shales.
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Return to Harrison Ave.
21.8

Turn left (E.) onto Harrison Ave.
Cross fault (not exposed)
between volcanic unit and sediment unit about at intersection
with Hammersmith Rd.
Outcrops east of here are in the volcanic
unit.

22.3

Harrison Ave. goes left.
Continue straight ahead.
with Beacon Hill R d . Turn right (S.) for Stop 6.

Intersection

Stop 6. Accretionary lapilli in the volcanic u n i t .
Park on the left (west) side of the road just south of the flat
outcrop.
No hammers in this outcrop, please.
Walk back to
the flat outcrop.
Rocks in the volcanic unit containing accretionary lapilli are
exposed on the low, flat, glacially smoothed outcrop at this
locality.
The lapilli are peasized and smaller structures which
appear as darker spots on the lighter groundmass.
The lapilli
were probably originally composed of volcanic ash, but have
been metamorphosed and are now primarily a quartz-muscovitechlorite assemblage.
According to Moore & Peck (1962), the
following observations may be made on the occurrence of accre
tionary lapilli.
Accretionary lapilli of this type are thought
to form in ash-charged volcanic clouds by accretion of ash to
cores of ash formed by condensation of water and then to fall
to the ground like hailstones.
The presence of accretionary
lapilli probably indicates that the rocks in this outcrop were
deposited on land or possibly in shallow water.
The eruptive
vent was likely within one hundred miles and much more likely
within ten miles.
Accretionary lapilli from known vents are
usually found within several miles of the source.
Go back to the cars and turn around,
intersection.
Turn right

heading north back to the

(E.) at intersection.

22.6

Intersection with Brenton

Rd. Continue straight ahead

22.7

Intersection with Wickham

Rd. Turn left

22.8

Stop sign.

23.1

Road turns right, and becomes Wellington Ave.
Park here for
Stop 7.
Arch on left reads Ida Lewis Yacht Club.

(N.).

Harrison Ave.Continue straight ahead
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(E.)

(N.).

STOP 7.
Carbonate rocks at Ida Lewis R o c k s .
Park in the public parking area on the street.
The IdaLewis
Yacht
Harbor is private property and permission must be obtained from the
people at the harbor.
Please limit hammering so as not to mar the
appearance of the outcrop.
Walk out along the pier to the two small
islands at the end.
The western island and the western half of the eastern island are
composed of light grey to bluish dolomite.
The eastern half of the
eastern island is a pinkish and yellowish dolomite that contains
some interlayered thin, purple and rarely green slates.
In one
locality there is a lens of purple slate overlain by an interbedded
sequence of purple slates and dolomites.
Two cleavages can be seen
in the slate.
Carbonate rocks associated with talc and serpentine occur at the
promentory a quarter of a mile southwest of here.
Carbonates have
been reported in association with green shales underlying Goat
Island (Foerste, in Shaler, Woodworth and Foerste, 1899).
A fault
has been mapped by most workers between the carbonate rocks and the
volcanic rocks directly south of here.
No macrofossils have been found in these outcrops of carbonate rocks.
Two large hand specimens from the eastern island at this stop were
dissolved in HC1 but no silicified microfossils were found.
Either
these rocks were originally nonfossiliferous or any fossils present
were completely obliterated by the Pennsylvanian metamorphism and
deformation.
The lack of fossils supports the contention
that these
rocks are Precambrian.
Continue E. on Wellington Ave.
23.5

Little League field.
Retrieve cars.
Stop 8 at Sachuest Point.

23. 7

Thames St.
Turn left (N.).
Shell station onto Lee St.

23. 8

Turn left

24.3

Stop light.

24.5

Stop light at Bellevue Ave.
Memorial Blvd.

25.8

Just past the First Beach continue straight ahead
R d . Main road bears left.

26.7

Sign on right for Purgatory Chasm; stretched cobble conglomerate
in Pennsylvanian Rhode Island Formation.

26.8

Bear right following the shoreline.

27.1

Bear right.

27.6

Bear right.

Road log continues to optional

Turn immediately right

(E.) just N. of

(N.) onto Spring St.
Turn right

(E.) onto Memorial Blvd.
Continue straight ahead
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(E.) on

(E.) on Purgatory

28.2

Gate to Sachuest Point.
It is not clear whether permission is
needed to continue beyond this point; when the locality was
visited in April 1976 the gate was open and unattended.
Stop 8.
Unconformity at Sachuest Point
The geology of this stop is described and illustrated with a
geologic map in Mutch (1963a).
The outcrops are on the east
shore of Sachuest Point close to its southern tip.
Quartz
granule conglomerate similar to that seen at Stop 1 interbedded
with black shales comprise the Pennsylvanian rocks above the
unconformity.
Pre-Pennsylvanian rocks are poorly sorted
siltstones, sandstones, and conglomerates, commonly with
volcanic detritus.
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